A pathologic and bacteriologic study on otitis media in swine was performed on 237 swine, ranging in age from 1 day to 1 year. These 237 swine from eight selected farms were slaughtered due to unfavorable prognosis associated with clinical signs of illness. One hundred sixty-three (68.8%) of the 237 swine were found to be affected with otitis, though only a few swine showed clinical signs characteristic of the disease. One hundred fifty-one (63.7%), 53 (22.4%), and 39 (16.5%) had lesions in the middle, external, and internal ear, respectively. Of the 15 1 cases with otitis media, bilateral and unilateral infection accounted for 114 (75.5%) and 37 (24.5%), respectively. Only 5/53 swine with otitis externa and 6/39 swine with otitis interna failed to show otitis media. All swine with infection in the tympanic cavity had inflammatory lesions in the auditory tube. Examination of the swine grouped by age revealed that, regardless of age, incidence of otitis media was 50-70%. In swine younger than 1 month old, otitis media tended to center on the auditory tube, where a mild infiltration of neutrophils into the mucous membrane was frequent. Thereafter, otitis media increased in degree and extent with age. Forty (26.5%) of the 15 1 swine affected with otitis media were accompanied by a substantial amount of inflammatory exudate in the tympanic cavity and bulla. Purulent exudate was found in 20/40 (50%) swine. Severe otitis media prevailed in swine between 1 and 4 months of age, showing inspissation of a suppurative exudate in the tympanic cavity and lysis of the underlying osseous wall of the tympanic bulla with subsequent fibrosis. Microorganisms, such as Pusteurellu rnultocidu, coryneform group E, and Actinomyces pyogenes, were the prominent isolates from the exudate in the tympanic cavity or in the tympanic bulla of the 19 swine examined. Most cases of otitis externa and interna (the latter infection frequently [22/23] extended to the brain) were associated with severe otitis media. Based on these results, otitis media prevails from the early stages of life and occurs first as an acute inflammation in the auditory tube, and then extends to the other components of the ear and the brain.
Diseases of the ear of domestic animals have received little veterinary attention largely because the involved organs are difficult to examine.I0J9 During the gross and histologic examination of the middle ear, including the tympanic cavity and auditory tube in feeder swine, we frequently encountered various degrees of otitis media. This prompted us to begin the present study. Data found in the literature on the prevalence of otitis media in animals were as follows: 9 1 O h in rats,16 1Y03 and 2-10%l1 in mice, 4% in young rabbits and 32% in adult rabbit^,^ 13.4-27.3% in guinea pigs,2 3%13 and 26%1° in sheep, and 10°/014 and higher than 20Y09 in cattle. In human beings, 50% of children will suffer from acute suppurative otitis media by 2 years of age and 75% by 3 years.7 There are few reports on the occurrence of otitis media in swine.
Of three possible routes of the middle ear infectionvia external ear canal, auditory tube, and blood-in-fection of microorganisms from the nasopharynx by way of the auditory tube has been frequently suggested as the cause of otitis media;5.9sL5.1*J9 however, few reports substantiate the hypothesis. We examined histopathologically the entire length of the auditory tube, including its pharyngeal opening, in swine. In this paper, we describe the pathologic findings of otitis media in 237 feeder swine along with the bacteriologic findings of 19 swine affected with otitis media and discuss the pathogenesis of this condition.
Materials and Methods

Swine
Two hundred thirty-seven feeder swine, which were crossbred Landrace, were used in this study. They ranged in age from 1 day to 1 year and in weight from 400 g to 65 kg. They were slaughtered between January 1987 and September 1989 due to unfavorable prognosis with clinical signs, including 331 Fig. 1 . Ventral view of the right (R) and left (L) middle ears, sagittal sections; swine with purulent otitis media. Note the inflammatory exudate (large black on white arrows) in the tympanic bullae (B). Tympanic bulla of the left ear is enlarged by purulent material, and the osseous wall is thickened (small black on white arrow). The small white arrow indicates the orifice of the right external ear, the large white arrow indicates the tympanic cavity, and the "A" indicates auditory tube. weakness, locomotor disorders, and intestinal hernia. Only a few swine showed signs characteristic of otitis, such as otorrhea, tilted heads, and circling. The swine came from eight local swine farms: seven in Tottori prefecture and one in Hyogo.
Gross examination
After removal of the brain, straight plane incisions were cut with a band saw in the cranial bones to obtain the portion of the calvarium containing the ear: 1) median sagittal from the foramen magnum to the crest of the ethmoid; and 2) angular on a line between the lateral side of the orifice of the external ear canal, through the lateral side of the tympanic bulla, to the front side of the pharyngeal opening of the auditory tube and thus to intersect incision 1. Additional bone was removed to expose the auditory tube, using bone cutting scissors (Fig. 1 ). The ear segments were then sagittally split to expose the tympanic opening of the auditory tube, and then the whole length of the auditory tube was opened and the tympanic cavity and the tympanic bulla were examined grossly (Fig. 1 ). Complete gross necropsy was performed for the routine pathologic examination.
Histologic examination
Tissue samples collected from almost all organs and tissues, including the ear segments, brain, spinal cord, liver, lung, heart, kidney, spleen, and intestines, were fixed in 10% neutral buffered formalin. With the exception of the ear segments, these tissue samples were dehydrated in alcohol, embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin. After removing the exposed auditory tube, the ear segments were decalcified in 10% formic acid.
3-4M >4M
Otitis media confined 10 the Three-mm-thick sagittal sections that contained the external, middle, and internal ear were cut parallel to the cut surface made at gross examination ( Fig. 1 ) and neutralized in 5% sodium sulfate. Transverse sections 3-mm thick were cut from the removed auditory tube at several levels, including the pharyngeal opening. The sections taken from the ear segments were processed for light microscopic examination by the same method as described above.
Bacteriologic examination
A total of 19 heads affected with unilateral or bilateral otitis media with a substantial amount of inflammatory exudate in the tympanic cavity or tympanic bulla were examined. Both left and right middle ears were examined in 6/19 heads. Swabs from the tympanic cavity or from the tympanic bulla were inoculated onto the following media: crystal violet-nalidixic acid-gentamicin agar for the selective isolation of pneumococci; blood and chocolate agar for the isolation of aerobes; vitamin K,and hemin-supplemented, nonselective brucella blood agar for all anaerobes. Aerobic cultures were incubated at 36 C in an atmosphere containing 5% CO, and examined after 24 and 48 hours; anaerobic cultures were incubated in jars filled by the evacuation replacement method with mixed gas (1 0% H,, 10% CO,, and 80% N,) for up to 7 days, and were examined every 48 hours. The thioglycolate broth was subcultured aerobically and anaerobically when growth appeared or, at the latest, after 5 days. The isolated aerobic and anaerobic bacteria were identified and typed by standard m e t h o d~. * J~. '~ 
Results
Pathologic diagnosis (routine pathologic examination)
Pathologic diagnosis of the 237 swine used in this study was made based on the major pathologic findings that were compiled by routine examination. A variety of infectious diseases, such as pneumonia, meningitis, polyserositis, and atrophic rhinitis, were present in the swine farms from which the swine were obtained. Among the diseases, pneumonia was prominent. Eighty-seven (36.7%) of the 237 swine showed purulent interstitial pneumonia, which affected all age groups of the swine. Purulent catarrhal bronchopneumonia was foundin 14/38 (36.8%) swine younger than 1 week. Catarrhal bronchointerstitial pneumonia with extensive lymphoid hyperplasia around airways accounted for 47/237 (20%) swine and was found in swine older than 1 month. Grossly, this type of pneumonia was accompanied by dark red to grayish pink consolidated areas in cranioventral regions of the lungs.
Incidence of otitis
One hundred sixty-three (68.8%) of the 237 individuals were affected with otitis. Of the 237 swine, 15 1 (63.7%), 53 (23.4%), and 39 (16.5%) had inflammatory lesions in the middle, external, and internal ear, re-spectively. Of the 15 1 swine with otitis media, 93 had inflammatory lesions limited to the middle ear, and the remaining 58 had additional lesions in the internal or external ear. Only 5/53 swine with otitis externa and 6/39 swine with otitis interna did not have otitis media. Examination of the auditory tubes of 139 swine revealed that all swine with inflammatory lesions in the tympanic cavity also had lesions in the auditory tube. Of the 15 1 swine with otitis media, 1 14 (75.5%) and 37 (24.5%) had bilateral and unilateral lesions in the middle ear, respectively. Twenty-three swine had meningitis, and three of the 23 swine had abscesses at the ventrum of the brain. Twenty-two of the 23 swine with meningitis had otitis interna.
Incidence of otitis media with age
Age-related incidence of otitis media is shown in Fig. 2 . Fifty to 70% of the swine in each age group were affected with varying degrees of otitis media. Incidence of otitis media limited to the auditory tube was highest in the youngest age group, i.e., younger than 1 week. Severe otitis media, mostly acute inflammation, first appeared in swine around 2 weeks of age and prevailed in swine between 1 and 4 months old.
Thereafter, otitis media, especially acute inflammatory changes, declined and became chronic.
Vet Pathol 29(4), 1992 udate in the tympanic cavity and bulla. Of the inflammatory exudates, purulent exudate was found in 201 40 (50%) swine. Purulent exudation was associated with lysis of the osseous wall of the tympanic bulla and destruction of the tympanic membrane with discharge of purulent material into the external ear canal (Fig. 3) . One to a few abscesses, yellowish white to greenish white, were occasionally observed at the ventrum of the brain stem; the vestibulocochlear nerve was always involved in the latter cases, showing thickened appearance at the opening of the internal acoustic meatus on gross examination. Fig. 4 . Auditory tube; swine with acute eustachitis. Note an increase in the number of goblet cells and mild neutrophilic infiltrate (arrows) in the epithelium. HE.
Gross findings of the ear and the brain Forty (26.4%) of the 151 swine affected with otitis media had a substantial amount of inflammatory ex-Histologic findings of the ear and the brain Common histologic findings of the middle ear infection in swine younger than 1 week of age included acute inflammation of the auditory tube, an increase in the number of goblet cells, and mild infiltration of neutrophils in the epithelium (Fig. 4) . Some swine had initial lesions of suppurative inflammation in the tympanic cavity and bulla in addition to the inflammatory changes in the auditory tube. Eustachitis frequently involved the pharyngeal opening of the auditory tube (Fig. 5) .
The inflammatory changes in the ear increased in degree and extent with age. In the middle ear of swine between 1 and 4 months of age, there were thickening of the mucous membrane with lymphocytic accumulation, much suppurative exudation containing bacterial colonies, and lysis of the osseous wall surrounding the tympanic cavity and bulla and the osseous septa of the tympanic bulla (Fig. 3) . The auditory tube was distended with a purulent exudate containing bacterial colonies (Fig. 6) . Changes in the internal ear consisted of inflammatory cell infiltration and serofibrinous exudation in the cochlea and vestibule. Brain lesions associated with otitis interna were of suppurative meningitis frequently involving the underlying brain parenchyma.
Chronic otitis media was characterized by fibrosis of the severely affected mucous membrane and of the sites of osteolysis in the tympanic bulla, resulting in narrowing of the spaces separated by the osseous septa ( Fig. 7) .
Bacteriologic findings of the ear
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The following bacteria were isolated from the tympanic cavity or tympanic bulla of the 19 swine affected with otitis media: Pasteurella multocida-13 swine, coryneform group E-1 1 swine, and Actinomyces pyogenes-1 1 swine. Many infections were mixtures of these bacteria. A similar pattern of bacterial isolates was noted between the left and right ears on examination of both sides of the ears of the six swine. Of the 19 swine examined, 1 1 had pneumonia. Pasteurella multocida was isolated from eight swine with pneumonia and from three without; coryneform group E was isolated from five swine with pneumonia and from three without; and A. pyogenes was isolated from six swine with pneumonia and from three without.
Discussion
The present study revealed that otitis occurred in 68.8% of the 237 swine that were slaughtered due to illness on the eight farms examined. Most of these swine showed no clinical signs related to otitis. The swine farms were not close to each other, and the swine had had no previous contact with human beings or swine from other farms. These facts suggest that otitis naturally occurs in apparently normal commercial swine in Japan. Of the otitides, eustachitis was the most common and preceded other inflammation in other sites of the ear. These results indicate that otitis media developed first as an acute inflammation in the auditory tube, and then the inflammation extended to other components of the ear and the brain. When abscesses were formed at the ventrum of the brain stem, the vestibulocochlear nerve was always involved in the lesion. It is postulated, therefore, that the infection in the ear may extend into the brain by following the auditory nerve.15 Perilymph filling the scala vestibuli and scala tympani should also be considered as a possible tract for the extension of the infection because there is a communication between the perilymph-filled spaces of the bony labyrinth and the subarachnoid space.7
Olsonl5 reported that various bacteria, such as B-hemolytic streptococci, Pasteurella multocida, and Corynebacterium pyogenes, have been isolated from the naturally infected middle ear of swine. Pasteurella multocida and Corynebacterium pseudotuberculosis were the prominent isolates from the middle ear infection in young feedlot ~a t t l e .~
In the present study, P. multocida, coryneform group E, and Actinomyces pyogenes were isolated from the exudate in the affected middle ear. It thus appears that P. multocida and coryneform organisms may be responsible for the middle ear infection in domestic animals. Of the diseases that were found in swine, pneumonia predominated. In addition, P. multocida was identified in the otitis media Vet Pathol 29(4), 1992 in 8/11 (72.7%) swine with pneumonia and in 3/8 (37.5%) swine without pneumonia. These findings indicate a relationship between otitis media and pneu-m~nia. ~JO The normal defense mechanisms of the auditory tube include effective opening and closing movement and active ciliary movement of its ciliated epithelium by which physiologic debris is eliminated.' The relatively high incidence (50-75%) of otitis media in infants and children has been explained by such anatomical reasons as low and horizontal positioning of the auditory tube and presence of an increased amount of mucusproducing glandular tissue around the auditory tube in younger patients, whereby the defense mechanisms are impaired and microorganisms are subsequently allowed to ascend from the pharynx.6 The high incidence (91%) of chronic otitis media in rats has also been explained by anatomical features, including a short auditory tube.I6 We do not know whether or not similar anatomic factors are involved in the incidence of otitis media in swine.
Otitis media in the swine appeared to have initiated in the auditory tube. Infectious agents that have an affinity for the auditory tube may be considered as another possible primary cause of the bacterial otitis media, as such infectious agents may damage the auditory tube and subsequently induce dyshnction of its defense mechanism. Infection of certain microorganisms such as Mycoplasma pulmonis in mice6 and influenza A virus both in guinea pigs2 and human beings' have been reported as a primary cause of eustachitis. There are few reports to date on the primary cause of eustachitis in domestic animals. Further investigation is required to determine if such primary causes as viruses or Mycoplasma sp. are involved in the pathogenesis of otitis media in swine.
